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Materials and Methods
Sample collections
A total of 18 gadid species were used in the study. The seven species chosen for AFGP genomic loci or AFGP homolog sequencing and comparative analyses were Boreogadus saida collected from the coastal waters of Svalbard and Northeast Greenland coast on board of University of Tromsø R/V Helmer Hanssen led by Jørgen Christiansen, Merlangius merlangus, Trisopterus esmarkii and Brosme brosme from the fjords of Tromsø, Norway with kind assistance of Svein-Erik Fevolden and Kim Praebel, Lota lota from Oneida Lake and a generous gift of the Cornell University Biological Field Station, Gadus morhua from the Copenhagen Harbor, Denmark, and Microgadus tomcod from Shinnecock Bay, New York with kind assistance of Howard Reisman and Kevin Bilyk. Additional 12 species used in the reconstruction of gadid molecular phylogeny include Arctogadus glacialis and Gaidropsarus argentatus collected from the NE Greenland coast onboard of R/V Helmer Hanssen, Gadus ogac from Godhavn, West Greenland, Microgadus proximus and Eleginus gracilis from near shore waters of Seward and Kotzebue, Alaska respectively with kind assistance of Arthur DeVries, Gadus macrocephalus and Theragra chalcogramma by Shannon Zellerhoff during NOAA mid-water walleye Pollock survey along the Aleutian chain, Alaska on board of NOAA R/V Miller Freeman, and the remaining species Enchelyopus cimbrius, Micromesistius poutassou, Pollachius virens, and Melanogrammus aeglefinus from the fjord waters of Tromsø or further north with kind assistance of Svein-Erik Fevolden and Kim Praebel. Specimen handling and sampling of blood and tissues complied with University of Illinois IACUC approved protocol 09138. The tissues were frozen in liquid nitrogen and stored at -80°C, or preserved in -20 o C, 90% molecular grade ethanol and stored at -20 o C until use.
Phylogenetic analyses
We sampled a total of 18 gadid species represent 15 of the 21 genera, covering three of the four subfamilies in family Gadidae. We amplified the complete mitochondrial ND2 gene sequences of these species using PCR with the primers F-5'GCCTCGATCCTACAAACTCTTAGTTAACAGC3', and R-5'GGCTTGAAACCAGYTYATGG-GGGTTC3' under the following condition, 95°C initial denaturation for 3 min, and 35 cycles of 95°C denaturation for 45 sec, 54°C annealing for 45 sec and 72°C elongation for 100 sec, and a final extension at 72°C for 7 min. Individual PCR products were sequenced using BigDye v. 3 .1 (Applied Biosystems), and read on an ABI3730xl automated sequencer at University of Illinois Biotechnology Center (GenBank Accession number: MK011291 to MK011308). To reconstruct the gadid phylogeny, we chose two outgroup species from the gadoid family Macrouridae, Squalogadus modificatus in subfamily Macrouroidinae and Trachyrincus murrayi in subfamily Trachyrincinae (GenBank Accession number: NC_008223 and NC_008224).
We aligned the complete COI gene sequences of 20 gadoid species with codon constraint using CLUSTAL X (1), and analyzed evolution models of nucleotide substitution by jModelTest (2) . The best fit model HKY+I+G was implemented in Bayesian and Maximum likelihood phylogenetic analyses. We then performed Bayesian phylogenetic analysis using MrBayes v.3.1.2 (3) . We ran multiple replicates with three analyses of 10 million generations each, with four chains, sampling every 100 generations. We used Tracer 1. 4 .1 (4) to examine the trace files to ensure the chains reached convergence, and discarded the first 25% of trees as burn-in. We also conducted Maximum likelihood (ML) phylogenetic analysis on the GARLI web service hosted at molecularevolution.org (5) used GARLI 2.1 (6) with a bootstrap of 1000 replications to assess node support.
Construction and screening of BAC libraries
To isolate and sequence the AFGP genomic locus including all genes within and flanking the locus along with intergenic regions, we constructed large-insert genomic DNA BAC libraries with 10-fold genome coverage for two AFGP-bearing gadid species B. saida and M. tomcod, which has been separately published (7) . We also constructed a BAC library with 6-fold genome coverage for one AFGP-lacking species B. brosme following our published methods (7) . Briefly, blood cells from one individual were washed with cold fish saline, and the appropriate number of cells were embedded in 10 mm X 5 mm X 0.75 mm blocks of 1% low melting agarose, and lysed in situ. For BAC library construction, the embedded HMW DNA was partially digested with an optimized amount of EcoRI and EcoRI methylase and resolved on pulsed field electrophoresis using CHEF Mapper XA (BioRad). DNA of the gel slices containing 100 kbp -150 kbp was recovered by electro-elution, and ligated to the BAC vector pCC1BAC (Epicentre), followed by electroporation into competent E. coli strain DH10B (Invitrogen). Recombinant clones were robotically archived and printed in duplicates as high-density macroarrays on nylon hybridization membranes.
To identify the AFGP-containing clones in the BAC libraries of B. saida and M. tomcod, we screened the library macroarrays with P 32 -dATP labeled AFGP (ThrAlaAla)n tripeptide cds specific to the species. To identify the clones containing AFGP homologous sequence in the BAC library of B. brosme, screening of the library using the B. saida AFGP (ThrAlaAla)n tripeptide cds probe did not provide reliable detection power, indicating little or no (ThrAlaAla)n coding homolog, or the AFGP homolog cds is highly divergent. We therefore re-screened the library with probes derived from the 5' non-(ThrAlaAla) cds portion and flanking sequence of B. saida AFGP (hereon referred to as BsAFGP5' probe), corresponding to nucleotide positions -141 to 299 spanning the 5'UTR, signal peptide cds and the first two introns in the functional AFGP gene sequence (Fig. 2 ). Synthesis of AFGP cds probe was primed with heptamers specific to the tripeptide repeats, while the AFGP 5' sequence probe was primed with random heptamers. Macroarray membranes were prehybridized in PerfectHyb (Sigma) solution supplemented with 100 g/mL of sheared salmon sperm DNA, and hybridized to the probe in the same solution, both at 55 o C in a rotisserie. Hybridized membranes were washed with increasing stringency up to 55 o C in 0.1XSSC/0.5% SDS, then radiographed on a storage phosphor screen (Kodak) overnight followed by scanning with Molecular Dynamics phosphoimager STORM R to obtain the image of hybridized clones. Verified positive clones were analyzed with Finger Printed Contig (FPC) analysis to reduce redundancy to a minimal tiling path (MTP), i.e. the minimum number of overlapping clones that would span the target genomic region. Nine MTP BAC clones from the B. saida library, one from the M. tomcod library and three from the B. brosme library were chosen for sequencing.
The genome of the third AFGP-bearing gadid, G. morhua was published (8) , however, the first draft genome GadMor1 was missing the AFGP locus because the repetitive AFGP cds were excluded as presumed gene-less simple repeats prior to genome assembly (9) . The subsequent improved GadMor2 assembly that incorporated PacBio long reads for scaffolding (10) was able to recover much of the AFGP sequences (11), however many intergenic regions were still missing. G. morhua genome project has a BAC library constructed by a commercial vendor (Amplicon Express), and about one-third of the BAC clones in the library have both insert ends sequenced to support the genome assembly (8) . To identify the BAC clones that cover the AFGP locus, we mapped the available BAC end sequences to the raw genome assemblies using Roche GS Mapper v2.7, and located two BAC clones that would span the AFGP locus and flanking genome regions (Fig. S2A ). These clones were purchased from the commercial vendor, and their plasmid DNAs were hybridized with an AFGP probe to verify they contain AFGP genes. Two AFGP-containing BAC clones (222C17 and 39G13) were selected for sequencing ( Fig. S2 ).
Construction and screening of phage libraries
Phage libraries were made for other three AFGP-lacking gadids, M. merlangus, T. esmarkii and L. lota. Genomic DNA from liver was partially digested with Sau3AI and size-fractionated on a sucrose gradient. The DNA fragments with lengths between 9-23 kbp were partially filled in with dG and dA, and ligated to the phage vector Lambda FixII that was predigested with XhoI and partially filled in with dC and dT (Stratagene). The ligated recombinant DNA was packaged with Gigapack III packaging extract (Stratagene). The phage titer was determined by transfecting XL1-Blue MRA(P2) cell strain (Stratagene). About half a million phage clones from each library were plated and screened for AFGP homologs by plaque lift hybridization (12) using the BsAFGP5' probe. Putative positive clones were cored singly from the plate and rescreened to homogeneity.
Sequencing and assembling of AFGP loci and homologous regions
As the AFGP loci is rich in highly repetitive sequence, we tested on different sequencing methods to optimize the assembly. The selected BAC clones from B. saida, G. morhua and B. brosme were made into sequencing libraries using Nextera DNA library prep kit (Ilumina or Epicentre), and sequenced using the Roche-454 GS FLX Titanium platform at University of Illinois Biotechnology Center. B. saida and G. morhua clones were paired-end (2 x 500bp) sequenced yielding approximately 50-100x clone insert coverage. B. brosme BAC clones were single-end sequenced yielding approximately 20-25X clone insert coverage. The 454 sequence reads were assembled using the program Roche GS De Novo Assembler (Newbler) V2.7. To assemble those repetitive sequences with higher accuracy, and to avoid collapsing tandem repeats with high similarity, we set the minimum overlap identity at 95% to 98% and selected the assembly with the maximum N50 value and total assembled length. For the single AFGP-positive BAC clone of M. tomcod, BAC plasmid DNA was sheared to 3-5kbp for constructing a shotgun plasmid sequencing library using the pCR4BLUNT TOPO shotgun sequencing cloning kit (Invitrogen). The shotgun plasmid clones were then sequenced in 96-well format using BigDye Terminator v.3 chemistry (Applied Biosystems), and read on an ABI3730xl automated sequencer at University of Illinois Biotechnology Center. The shotgun sequences were assembled using Sequencher v.4.7 (Gene Codes Corp.). One phage clone each of M. merlangus and T. esmarkii, and four phage clones of L. lota, were selected for sequencing. The recombinant phage DNA was digested with an appropriate restriction enzyme that was tested not to cleave into the AFGP homolog sequence. The single DNA fragment that hybridized to the BsAFGP 5' probe was identified from southern blot, and recovered from separate gel runs of restriction digests using QIAquick gel extraction kit (Qiagen), subcloned into pBSIIKS-(Stratagene), and sequenced using BigDye Terminator v.2 chemistry (Applied Biosystem).
Gene annotation and sequence comparison
The reconstructed AFGP loci and homologous genomic regions of the seven species were submitted to GenBank (Accession MK011258-MK011272, MH992395-MH992397). To annotate gene contents, and the locations and orientations, we analyzed the assembled sequence scaffolds using the gene prediction tool FGENESH V2.6 (http://www.softberry.com/) and searched for similar sequences in nucleotide databases using BLASTN and TBLASTX as well as in non-redundant protein database using BLASTX. We also annotated the hypothetical protein-coding genes in B. saida and M. tomcod according to the genome annotation of G. morhua available on Ensembl (http://www.ensembl.org/). We used BLAST to align the BAC clone sequence contigs of B. brosme with the assembled AFGP loci of the three AFGP-bearing species to determine whether they share microsynteny.
5' RACE and cDNA mapping of AFGP gene structure
We performed 5'RACE (rapid amplification of cDNA ends) to determine the exon-intron structure of the 5' non-repetitive portion of AFGP and to map the signal peptide cds. Total RNA was isolated from the diffused pancreatic tissue (site of AFGP synthesis) associated with the pyloric ceca of several B. saida individuals using Ultraspec RNA isolation reagent (Biotecx) or Trizol (Invitrogen). The RNA sample showing the strongest hybridization to the Bs AFGP (ThrAlaAla)n cds probe was used for the 5'RACE. Approximately 50 g RNA was first treated with 50 units of DNase I (NEB) at 37°C for one hour. Five micrograms of DNaseI-treated RNA were primed with oligo dT and the first strand cDNA was reverse transcribed using Superscript II (Invitrogen). Spin column purified first strand cDNAs were tailed with dCTP using TdT (Terminal deoxynucleotidyl transferase, Invitrogen). Primers for the 5'RACE were designed to avoid inclusion of the highly repetitive AFGP tripeptide cds in order to obtain a specific PCR product. We designed four tiling primers spanning the junction of the very start of the repetitive AFGP tripeptide coding region and the upstream CAG(Q)-rich sequence (Fig. S4 ). The dC-tailed cDNA was amplified using the abridged anchor primer 5-GGC CAC GCG TCG ACT AGT ACG GGI IGG GII GGG IIG -3´ (Invitrogen) paired with each of the four gene-specific primers, followed by a nested PCR amplification using the nested gene-specific primer immediately upstream. As the AFGP gene family members share high sequence similarity at the primer sites, the PCR product is a pool of the 5' portions of multiple genes. The nested PCR products were cloned into pGemTeasy vector (Promega) and a total of 56 clones from nested PCR products were sequenced using BigDye v.3.1 (Applied Biosystems). Sequencing results were visualized and manually edited using ChromasPro v.1.42 (Technelysium).
We determined the positions of exon/intron junctions by mapping the 5' cDNA end sequences to their corresponding AFGP genes in the B. saida AFGP locus. We also determined the AFGP gene structure for other two AFGP-bearing gadid species, G. morhua and M. tomcod, by aligning their AFGP gene sequences with the B. saida AFGP cDNA. The longest and last exon coding for (Thr-Ala-Ala)n repeats is terminated by a stop codon, and therefore the 3' structure of AFGP gene was also determined. Based on the newly obtained gene structure, we predicted the signal peptide cds using the program SignalP-4.1 (13, 14) . We aligned the deduced amino acid sequences of the 5' portion region located upstream of the (Thr-Ala-Ala)n repeats in these AFGP genes to evaluate the variability of their signal peptide sequences ( Fig. S6 ).
Screening for homologs of AFGP signal peptide and promoter region
We screened the BAC libraries of B. saida and M. tomcod with the BsAFGP5' probe, which contains the putative core promoter (TATA box), the signal peptide cds and the 27-nt GCA-rich repeats. Membrane filters of the BAC libraries were pre-hybridized in PerfectHyb (Sigma-Aldrich) solution, hybridized with 32 Plabeled DNA probes and washed in washing solutions of increasing stringency as described above. Hybridized membranes were autoradiographed overnight on a phosphor storage screen overnight, which was then scanned with a STORM phosphoimager (GE Healthcare) to visualize the hybridized clones.
Northern blot analyses to detect transcription of AFGP homologs
We tested for transcription of AFGP homologs in AFGP-lacking species by northern blot hybridization. Mesenteric pancreatic tissue, the major site of AFGP synthesis, was dissected from between pyloric ceca of M. merlangus, T. esmarkii, L. lota, B. brosme, and B. saida and homogenized in Trizol (Invitrogen) using 0.5mm zirconium oxide beads with a Bullet Blender STORM R (Next Advance). RNA extraction from the homogenate followed manufacturer (Invitrogen) instructions. RNA samples were treated with DNase I (New England Biolabs) and column purified (Zymo). Three sets of RNA samples, two from each of these five species were run on three separate gels (one set per gel) under the same conditions to generate three near-identical RNA blots. In each gel, 8 g of each sample were loaded and electrophoresed on a 1.1% agarose/3% formaldehyde gel at 100V for 65 min. RNA was then vacuum-transferred with Amersham VacuGene (GE Health Sciences) onto Amersham Hybond N nylon membrane (GE Health Sciences) and UV crosslinked with Stratalinker (Agilent Technologies).
Four α 32 P-dATP-labeled species-specific probes were synthesized, from cloned B. saida AFGP cds, and from the cloned AFGP-like homolog sequences of M. merlangus, T. esmarkii, and L. lota (Fig. S11) . B. brosme AFGP-homolog sequence is highly similar to L. lota, and will likely produce the same hybridization results and thus the L. lota probe was used for both species. The probe template was primed with equal amounts of random heptamers and custom-made oligonucleotide primers specific to the repetitive tripeptide cds of the B. saida AFGP gene. Since teleost pancreas is a not a discrete organ, the mesenteric pancreatic tissue dissected from between pyloric ceca is heterogeneous, containing connective tissue and adipose tissue. Thus a fifth probe was synthesized from a cloned pancreatic trypsin cDNA from the Antarctic notothenioid Dissostichus mawsoni and used in hybridization for the dual purpose of confirming the presence of pancreatic mRNA in the total RNA and verifying RNA integrity.
Hybridization and post-hybridization washing were performed using identical conditions for all blots. Each blot was prehybridized at 55°C in PerfectHyb (Sigma-Aldrich) with 100 μg/ml of denatured salmon sperm DNA for 3-5 hrs, and hybridized at the 55°C for 9-10 hrs to one of the 32 P-labeled DNA probes. The hybridized membrane was washed with increasing stringency, to 0.1xSSC/0.5%SDS at 60°C. The washed blot was then autoradiographed on a phosphor storage screen (Kodak) overnight (9-10 hours), followed by scanning on a Molecular Dynamics STORM R phosphoimager (GE Health Sciences) to obtain the image.
One of the three identical blots was sequentially probed with M. merlangus AFGP homolog probe, B. saida AFGP cds probe, and the D. mawsoni trypsin probe in that order. The blot was stripped of hybridized probe by immersion in 0.1%SDS that was heated to boiling before prehybridization and hybridization to the next probe. The second blot was hybridized to T. esmarkii AFGP homolog probe only, and the third blot to L. lota AFGP homolog probe only. (8) containing AFGP gene fragments (purple rectangles) were identified by BLAST alignment using the AFGP genomic locus of B. saida from this study as query. Available G. morhua BAC end sequences were then mapped to the AFGP-containing scaffolds to indentify the BAC clones (orange lines with clone names) spanning the scaffolds. BAC clones (222C17 and 39G13) were selected for sequencing and reconstructing the G. morhua AFGP locus. Gap size between scaffolds were determined by aligning the two (Newbler and Celera) assemblies. Gaps within scaffolds were not shown. (B) The fragmented (40% gaps) AFGP-containing scaffolds in G.morhua genome assembly (Newbler) and the near contiguous AFGP genomic locus of G.morhua in this study. Assembled sequence segments are depicted as connected brown and orange rectangular bars, and gaps as thin brown lines. Red arrows are AFGP genes pointing in the sense direction. Assembled sequence segments and gaps are drawn to scale, but the AFGP genes are not. The AFGP loci in the polar cod B. saida comprised of three contigs that could not overlap in our assembly due to breakage by simple sequence repeats, but must be near neighbors as the AFGP gene family mapped to a single chromosomal location by in situ fluorescent hybridization of metaphase chromosomes (7) . The length occupied the AFGP family is approximately 250 kbp, 110 kbp and 50 kbp for B. saida, G. morhua and M. tomcod respectively. AFGP genes, pseudogenes () and other hypothetical protein-coding genes are respectively represented by red, pink, and orange arrows pointing in the sense direction of the gene. Hypothetical gene annotations are: 1, DNA polymerase type B; 2, MAK16; 3, RAB14 (ras related protein); 4, Actin filament-associated protein 1; 5, nucleoside diphosphate-linked moiety X motif 18; 6, C-C chemokine receptor type 6; 7, AIM1 (crystallin/Ricin_B-lectin); 8, RTM4IP1 (GroES-like); 9, QRSL1 (Amidase), 10, IARS2 (Ile-tRNA-synt); 11, G-protein coupled receptor 4; 12, RAB3GAP2 (rab3 GTPase-activating protein non-catalytic subunit); 13, KCNK5 (two pore domain potassium channel: K_chnl_2pore_TASK); 14, KCNK16 (two pore domain potassium channel: K_chnl_2pore_TWIK); 15, KIF6 (Kinesin_motor_CS).
CAGCAGCACCAGCAGTCTCCTAGCTACGAGCAGCACCAGCTGCTCGTAGCTAGACCAGCCGCTGCAGCCAAAGCAGCCACTCCAGCA ** ******************************* ** ********** ******* ***** * * ***** * **
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ConsensusNT CACCAGCACCAGCAGTCTCCTAGCTACGAGCAGCACCAACTGCTCGTAGCTAGACCAGCCGCTGCAGCCAAAGCAGCCACTCCAGCA
Four primers for 5'RACE (reverse complement to the above consensus sequences): Four nested reverse primers were designed to the indicated region spanning the very start of the repetitive AFGP tripeptide (AlaAlaThr)n cds (dark blue highlight) and the CAG (Q)rich sequence upstream (turquoise). The primers were designed based on the consensus sequence (shown in bold) from regional alignment of all functional B. saida AFGP genes. The reverse complement of the four 5'RACE primers were framed by four different colors, directly below their corresponding positions in the consensus sequence. OligodT primed first strand cDNA was dC-tailed, and each reverse prime was paired with the abridged anchor primer complementary to polymeric C (Invitrogen) to amplify the 5' cDNA end, followed by a second amplification with the reverse primer immediately upstream to generate a discrete product. (13) . The graphical output from SignalP shows the three different scores, C, S, and Y, for each position in the sequence. C-score is the raw cleavage site score, which is high at the first residue position immediately after the cleavage site. S-score is the signal peptide score, which distinguishes positions within signal peptides from positions in the mature part of the proteins and from proteins without signal peptides. Y-score is a combination (geometric average) of the C-score and the slope of the S-score, resulting in a better cleavage site prediction than the raw C-score alone. The Y-score distinguishes between C-score peaks by choosing the one where the slope of the S-score is steep. The predicted cleavage site (red arrowhead) is between position 22 and 23: VHA -YR.
Signal peptide
Gln(Q)-rich "propeptide" sequence The alignment starts from Met translation start and ends with the first two (Thr-Ala-Ala) repeats (bolded blue characters). The signal peptide is highlighted in bronze, followed by a Q(Gln)-rich "pro-peptide" highlighted in turquoise. The sequences are ordered by orthologs based on sequence similarities. Pseudogenes indicated with ψ in gene names contain indel in the Q-rich block resulting in frameshift mutation in the translation (red residues) of the downstream AFGP tripeptide coding region. Three other pseudogenes, Bs_AFGP6ψ, Bs_AFGP14ψ, and Mt_AFGP4ψ (Fig. S2) were excluded from the alignment because they are 5' truncated, missing the signal peptide region. Asterisk '*' stands for identical residue, ':' for conservative substitution and '.' for semiconservative substitution.
A Mm_AFGPΨ Fig. S7 . Sequences of AFGP homologs from four gadids lacking AFGP. The color scheme follows that of functional AFGP (Fig. 1) for homologous segments which present in the four AFGP homologs. The grey highlighted sequences are the region of high sequence similarity shared by these homologs with the 5' non-(Thr-Ala-Ala)n region of the functional AFGP. The tandem minisatellite-like DNA homologous to the 27-nt GCA-rich duplicates of functional AFGP genes are shown as consecutive segments of nucleotides in turquoise or turquoise-highlighted nucleotides in black. Nucleotide position 1 is the homologous site of functional AFGP start codon (ATG). The black box marks the homolog of the 3' splice site of AFGP intron 2, and the in silico translation downstream from this site follows the reading frame (phase 1 intron 2) of functional AFGP. (A) AFGP pseudogene in Merlangius merlangus -A putative core promoter TATA box (red highlight), 5' UTR (purple nts), signal peptide-like sequence (bronze highlight) and intron sequences (italicized lower case) similar to functional AFGP are present, but the (Thr-Ala-Ala)n cds is pseudogenized by multiple missense, nonsense (*), and frameshift #) mutations. (B) AFGP-like sequence in Trisopterus esmarkii -Signal peptide-like sequence and non-canonical (Thr-Pro-Ala(2-7))n repeat cds are present with a long segment of 27-nt GCA-rich duplicates (translate into Gln(Q)-rich repeats) in between. The absence of TATA box and 5'UTR indicate the sequence is not transcribed. AFGP homologs of (C) Lota lota and (D) Brosme brosme comprise extensively expanded counterparts of the 27-nt GCA-rich duplicates of functional AFGP genes as ~30 nt duplicates, and no (Thr-Ala-Ala)n-like cds. Two translation frames were shown to underscore the minisatellite-like tandem cag(gln/q)repeat rich duplicates (black amino acids; AFGP phase 1 intron 2 reading frame) or gca(ala/a)-repeat rich duplicates (grey amino acids; 1-nt shifted reading frame). Bs_AFGP4  CTTACAGGCTCGTGCTTGCTGGGCC------------------------------ 
S P S S S S T S N S 201 agCTTACAGGCTCGTGCTTGCTGGGCCCCAGCAATACCAGCAGTCTCCTAGCTAGAAGCAGCTACAGAAGTCTCCTAGCAGCAGCAGCACCAGTAACAGC 54 S L L A T T A D T P A P T A T P A S R A S P A T P A I L I P T A T T 301 AGTCTCCTGGCTACCACTGCAGACACTCCAGCACCAACAGCCACGCCAGCCTCTCGAGCCAGTCCAGCCACTCCAGCCATTCTAATACCCACAGCCACGA 87 A T P A T T ##N H G T P A N P A T P A T A A T L A T A A T P E T A 401 CGGCCACTCCAGCCACTACAGAAACCATGGCACTCCAGCCAATCCAGCCACTCCAGCAACAGCAGCCACTCTAGCAACAGCAGCCACTCCAGAAACAGCA 120 A T P A T P A T A A T P A T P A T A A N P A ##R A T R A T A A T A A 501 GCCACTCCAGCCACTCCAGCAACAGCAGCCACTCCAGCTACTCCAGCAACGGCAGCCAATCCAGCCAGAGAGCCACACGAGCAACTGCAGCCACTGCAGC 153 T P A S P ##T A A T P A T P A T A A T P A T A A T P A T T A T P A I 601 TACTCCAGCAAGTCCAGAACAGCAGCGACTCCAGCCACTCCAGCAACAGCAGCCACTCCAGCAACAGCAGCCACTCCAGCAACAACAGCCACTCCAGCCA 185 P A T P A T P A T P A T A A T P V T A T T P A T R S T P A T P A T 701 TTCCTGCCACTCCAGCAACTCCAGCCACTCCAGCCACTGCAGCCACTCCAGTCACTGCAACCACTCCAGCTACTCGTTCAACTCCAGCCACTCCAGCAAC 219 A A T L A T A A T A A T P A T A A N L A ##A A T A A T P A T A A E * 801 AGCAGCCACTTTAGCAACAGCAGCCACTGCTGCCACTCCAGCAACAGCAGCAAATTTAGCCACGCAGCAACAGCAGCCACTCCAGCCACTGCAGCTGAAT 901 AAacggcaactctcggagtcgtgcggtgtatggtgcacgagagttgcgtaaccgctggacctggactcccgtctcgtccttccctcgctgcccaccacat
B Te_AFGP-like
-201 ctgtcacaagtcattaggcacagtgattatgattgagttgcaccttatttcaaaccaatcagtgacagagaacaatgtgattggctgtaaataattgttt -101 aaaccttcagcagctgacctgctactgtattgagacacttctcatttcagtgttgcagtgtgaggcacacaggtttgcaatagctgctgtccaaagcaac 1 M A F L I R Signal peptide-like 1 ATGGCTTTTCTAATAAGgtgatttgcagatttatttatttattttttgttctttgcgcattgattaatcagaagcatggacttgatgcatttcgttccat 8 V L W V S L L L A V G Y Q V H A 101 gtatctaccagGGTACTGTGGGTGTCTCTACTACTTGCTGTGGGGTATCAAGTACATGgtgagttgaatcccaaagtatgaattttaacaggcaggtagc 23 Y R L L Q Q Q Q
S P S E H H Q Q Q Q S P S D Q Q 201 catgtgctaacaagtatgcctaacagCTTACAGGTTACTGCAGCAGCAGCAGTCTCCTAGCGAACACCACCAGCAGCAGCAGTCTCCTAGCGACCAGCAG 43 Q Q Q S P S D H Q Q Q Q S P S D H Q Q Q Q S P S D H Q Q Q Q Q S P S 301 CAGCAGCAGTCTCCTAGCGACCACCAGCAGCAGCAGTCTCCTAGCGACCACCAGCAGCAGCAGTCTCCTAGCGACCACCAGCAGCAGCAGCAGTCTCCTA 76 D H Q Q Q S P S D H H Q Q Q Q Q S P S F H Q Q Q S P S E Q Q Q Q S 401 GCGACCACCAGCAGCAGTCTCCTAGCGACCACCACCAGCAGCAGCAGCAGTCTCCTAGCTTCCACCAGCAGCAGTCTCCTAGCGAGCAGCAGCAGCAGTC 110 P S F H Q Q Q Q S P S F H Q Q R Q S P S F Q Q R Q S P S F H Q Q Q 501 TCCTAGCTTCCACCAGCAGCAGCAGTCTCCTAGCTTCCACCAGCAGCGGCAGTCTCCTAGCTTCCAGCAGCGGCAGTCTCCTAGCTTCCACCAGCAGCAG
5'UTR
Q S P S F H Q H L A A T P A T A T P A A T A I I P A A T P A A A T P 601 CAGTCTCCTAGCTTCCACCAGCACCTAGCAGCCACTCCAGCAACAGCCACTCCTGCAGCTACAGCTATCATTCCAGCAGCCACTCCAGCAGCAGCCACTC 176 A A A T P A A A T P A A A T P A A A A A A A A I A A A A I P A A T 701 CAGCAGCAGCCACTCCAGCAGCAGCCACTCCAGCAGCAGCCACTCCTGCTGCTGCAGCAGCAGCAGCAGCCATTGCAGCAGCAGCCATTCCAGCAGCCAC 210 P A A A T P A A T P A A T T V T P A A A A A A T P A A T A A A A A 801 TCCAGCAGCAGCCACTCCAGCTGCCACTCCAGCAGCCACCACAGTGACTCCAGCTGCAGCAGCAGCAGCCACTCCAGCAGCCACTGCAGCAGCAGCAGCA 243 A T P A A A A A A A T P A A A T P A A A A A T P A A A T P A A A T P 901 GCCACTCCAGCAGCAGCAGCAGCAGCAGCCACTCCAGCAGCAGCCACTCCAGCAGCAGCAGCAGCCACTCCAGCAGCAGCCACGCCAGCAGCAGCCACTC 276 A E A A A A T P A A A T P A Y A A A T P A A A T P A A A A A T P A 1001 CAGCAGAAGCAGCAGCAGCCACTCCAGCAGCAGCCACTCCAGCATATGCAGCAGCCACTCCAGCAGCAGCCACTCCAGCAGCTGCAGCAGCCACTCCAGC 310 A A A A T P E A A T V T P A A A A A T P A A A A A T P A A A A A T 1011 TGCAGCAGCAGCCACTCCAGAAGCCGCCACAGTGACTCCAGCTGCAGCAGCAGCCACTCCAGCAGCAGCAGCAGCCACTCCAGCTGCAGCAGCAGCCACT 343 P A A A A A T P E A T T V T P A A A A A T P A A A A A T P A A T A I 1021 CCAGCTGCAGCAGCAGCCACTCCAGAAGCCACCACAGTGACTCCAGCTGCAGCAGCAGCCACTCCAGCAGCAGCAGCAGCCACTCCAGCAGCTACAGCTA 376 I P A A A T A I I P A A A T A I I P A A A T P A A A T P A A A T P 1031 TCATTCCAGCAGCAGCTACAGCTATCATTCCAGCAGCAGCCACAGCTATCATTCCAGCAGCAGCCACTCCAGCAGCAGCCACTCCAGCAGCAGCCACTCC 410 A A A A A A A T P T A I #I A T P A
Gm_AFGP2
CTTACAGGCTTGTGCTTGCTGGGCCCCAGCAGCACC------AGCAGTCTCCTAGCTACGAGCAGCACTAGCTG CTCGTAGCCAGACAAGCCGCTGCAGCCACAGCCGCC…… Bs_AFGP2 CTTACAGGCTCGTGCTTGCTGGGCCCCAGCAGCACC------AGCAGTCTCCTAGCTACGAGCAGCGCCAGCTG CTCGTAGCCAGACCAGCCGCTGCAGCCACTGCAGCC…… Gm_AFGP3 CTTACAGGCTCGTGCTTGCTGGGCCCCAGCAGTACC------AGCAGTCTCCTAGCTACGAGCAGCACCAGCTG CTCGTAGCCAGACCAGCCGCTGCAGCCACAGCAGCC…… Bs_AFGP3 CATACAGGCTCGTGCTTGCTGGGCCCCAGCGGCACC------AGCAGTCTCCTAGCTACGAGCAGCGCCAGCTG CTCGTAGCCAGACCAGCCTCTGCAGCCACTGCAGCC…… Gm_AFGP4 CATACAGGCTCGTGCTTGCTGGGCCCCAGCAGCACC------AGCAGTCTCCTAGCTACGAGCAGCACCAGCTG CTCGTAGCCAGACCAGCCTCTGCAGCCACTGCAGCC……
Y R L V L A G P Q Q H Q Q S P S Y E Q H Q L L V A R P A A A A T A A
Gm_AFGP2
………ACAGCAGCCACACCA . tomcod (Mt) . B. saida library has 92,160 clones printed on five filters. M. tomcod library has 73,728 clones in four filters. BAC clones were printed in duplicates as high-density macro-arrays on nylon hybridization filters. Thus, each hybridized clone appears as a doublet of black dots. Row 1: B. saida library hybridized with DNA probe derived from AFGP (Thr-Ala-Ala)n tripeptide repeat cds; Row 2: B. saida library hybridized with 5' partial AFGP probe comprising the region from the putative promoter to the 27-nt GCA-rich repeats upstream of the AFGP tripeptide repeats; Row 3: M. tomcod library hybridized with the probe derived from the AFGP (Thr-Ala-Ala)n tripeptide repeat cds; Row 4: M. tomcod library hybridized with 5' partial AFGP probe comprising the region from the putative promoter to the 27-nt GCA-rich repeats upstream of the AFGP tripeptide repeats. (C, D, E) The speciesspecific probe used for hybridization in each blot is as labeled. The four gadids without AFGP showed no hybridization whether the probes were derived from its own AFGP homolog sequence of from another gadid. Only B. saida hybridized to each probe due to nucleotide similarity between the probe sequence and B. saida AFGP cds. Blot (E) was radiographed on the phosphor storage screen for two days instead of 10 hours for blots B, C, and D. The L. lota AFGP homolog was most divergent in sequence from functional AFGP, thus only weak signal was detected in B. saida, and again none in L. lota and the other three gadids. (F) Blot hybridized to probes derived from a trypsin cDNA of the Antarctic notothenioid Dissostichus mawsoni (Dmaw) verifying the presence of pancreatic RNA in the total RNA isolated from the pancreatic tissue (heterogeneous in teleost fishes), as well as RNA integrity. L. lota RNA integrity based on the gel appeared dubious, but trypsin transcripts remained intact; thus the absence of hybridization to its AFGP-homolog was not due to complete loss of RNA integrity. 
